The cytosolic phosphoglucose isomerase (PGIC: EC. 5.3.1.9) is a dimeric enzyme, which catalyzes the reversible isomerization of 6-phosphoglucose and 6-phosphofructose. This is an essential metabolic reaction that precedes the sucrose biosynthesis in the cytosol. DNA sequences of PgiC have been reported for several plant species ( Clarkia lewisii and Arabidopsis thaliana : Thomas et al., 1992 Thomas et al., , 1993 spinach: Lal and Sachs, 1995; rice: Nozue et al., 1996; yam: Kawabe et al., 1997; maize: Nowitzki et al., 1998; fern: Ishikawa et al., 2002) . Also, the EST database of some plant species (e.g., cotton, tomato, soybean, alfalfa, potato, barley, sorghum, wheat, and pine) includes PgiC sequences. The complete structures of the PgiC locus in genomic DNA have been reported in Clarkia species and A . thaliana (Thomas et al., 1992 (Thomas et al., , 1993 Ford et al., 1995; Ford, 1996, 1997; Ford and Gottlieb, 1999) . Other investigators reported only the cDNA sequences or partial genomic sequences of PgiC , because of its complicated structure.
In this study, the PgiC loci of Arabidopsis halleri (L.) O'Kane and Al-Shehbaz ssp. gemmifera (Matsumura) O'Kane and Al-Shehbaz (synonym Arabis gemmifera Matsumura: O'Kane and Al-Shehbaz, 1997), including 5' and 3' flanking regions, were cloned and their sequences were compared to that of A . thaliana . A . gemmifera is one of the closest relatives of A . thaliana (Miyashita et al., 1998; Koch et al., 2000) . A PgiC locus of A . gemmifera strain Ashibi56 has already been cloned and sequenced (Kawabe et al., 2000) . This locus has a 48-bp deletion including an exon-intron junction of the 17th exon relative to the structure of A . thaliana PgiC (Fig. 1 ). Because this deletion causes an alteration of the mature mRNA structure, two hypotheses can be considered. The first hypothesis is that a possible exon-intron junction site located at 24-bp upstream got a new functional splice site. The second one is that this locus has lost active function and another active locus exists.
From λ phage library of A . gemmifera , five positive clones were obtained, two and three of which had different Eco RI and Hin dIII digestion patterns. Sequences of these two types were determined by an ALFred sequencer (AmershamPharmacia Biotech, Piscataway, N.J.). One of the two types was another PgiC locus, which has an exon intron structure identical as to A . thaliana (Fig.  1) . The intact PgiC locus and the PgiC locus with 48-bp deletion are designated as PgiC1 and PgiC2 , respectively in this study. Between PgiC1 and PgiC2 , 45 nucleotide substitutions (34 synonymous and 11 replacement) were observed in the coding region. None of the 11 replacement substitutions created stop codons in PgiC2 . No flame shift was observed in PgiC2 , either.
Expressions of two PgiC loci of A . gemmifera were examined. When cDNA from a whole plant in the vegetatively growing stage was used for PCR-RFLP analysis, no PCR product of the PgiC2 locus was observed (Fig.  2 ). There are two possibilities for the absence of RT-PCR product of PgiC2 . First is that the PgiC2 locus has lost its transcriptional activities. Another explanation is that the timing of expression has changed for PgiC2 . In either hypothesis, the PgiC2 locus has different promoter function as A . thaliana PgiC locus, because A . thaliana has one PgiC locus, which is necessary to express in almost all developmental stages of living cells.
One sequence of the PgiC region each for Arabis glabra and Arabidopsis himalaica was also determined as described in Kawabe et al. (2000) . Including A . glabra and A . himalaica , phylogenetic tree was constructed based on the nucleotide substitutions in the coding region of PgiC (Fig. 3) . Because A . glabra and A . himalaica were the outgroups of A . thaliana and A . gemmifera (Miyashita et al., 1998; Koch et al., 2000) , the root of A . thaliana PgiC and two A . gemmifera PgiC loci was placed before the duplication of the A . gemmifera PgiC loci. Thus, the duplication of the A . gemmifera PgiC loci was proved to have occurred after A . thaliana and A. gemmifera had diverged.
Numbers of nucleotide difference in the coding region among four Arabis and Arabidopsis species are summarized in Table 1 . In all the comparisons, numbers of synonymous substitutions were much larger than those of nonsynonymous substitutions. When per-site values were compared, the levels of divergence in synonymous sites were about 10 times higher than those in replacement sites. The nucleotide differences between PgiC1 and PgiC2 of A. gemmifera were lower than those of other comparisons. The genetic distances between two duplicated loci of A. gemmifera were 0.0930 for synonymous sites. This estimated divergence for synonymous sites between the two PgiC loci of A. gemmifera was 63% and 54% between A. gemmifera and A. thaliana for PgiC1 and PgiC2, respectively. Therefore, the duplication event occurred in the distant past about half as old as the time when A. thaliana and A. gemmifera splitted into different species. The synonymous substitution rates in plants have been reported from many investigations (Wolfe et al., 1989; Durbin et al., 1995; Morton et al., 1996; Koch et al., 2000) to be 1.5 × 10 -8 to 2.6 × 10 -9 per site per year. With these values, it can be calculated that the duplication event occurred between about 3.1 MYA (million years ago) and 17.9 MYA. Because duplication event may cause a relaxed selection pressure, the difference in evolutionary rate was tested by Tajima's relative rate test (Tajima, 1993) . When the A. thaliana PgiC and A. gemmifera PgiC were compared by using A. glabra and A. himalaica as outgroups, neither tests gave significant results (Table  2) . Also, the two PgiC loci of A. gemmifera did not have significantly different evolutionary rates. In this study, relaxation of selection pressure could not be detected in two A. gemmifera PgiC loci after duplication.
In this study, sequences of more than 4 kb for 5' flanking region and about 2 kb for 3' flanking region of two A. gemmifera PgiC loci were determined. Sequence homologies to A. thaliana genome sequences in these flanking regions of A. gemmifera PgiC loci were analyzed. In the 5' flanking region of the PgiC locus of A. thaliana, which comprises a single-copy gene located on the long arm of chromosome 5, an unknown function protein and putative beta-1, 3-glucanase protein genes are located at 2.5 kb and 5.5 kb upstream of PgiC (Fig. 4 : Nakamura et al., 1997; The Arabidopsis Genome Initiative, 2000). If both sequence homology and gene order were conserved in the surrounding region of PgiC between A. thaliana and A. gemmifera, these genes were expected to be located in the 5' flanking regions of A. gemmifera PgiC sequenced in this study. However, these genes were not found in the flanking regions of two A. gemmifera PgiC loci determined in this study (Fig. 4B) .
In the 5' flanking region of PgiC1, no known genes were found. In further upstream region of PgiC2, a known gene (AT4g08590) of A. thaliana located on chromosome 4 was detected in head to tail orientation. When the 5' flanking region of A. thaliana PgiC was compared to those of the two A. gemmifera PgiC, there was homology Fig. 3 . Phylogenetic tree of PgiC. Genetic distances were estimated for the coding region of PgiC by Jukes and Cantor (1969) method. Phylogenetic tree was constructed by Neighbor Joining method (Saitou and Nei, 1987) with MEGA2 (Kumar et al., 2000) . Bootstrap probabilities (500 replications) are shown on the branches. A scale bar is below the tree. Sequence comparison of intergenic region between A. thaliana and A. gemmifera has been reported for the 5' flanking region of Adh (Miyashita, 2001) , where sequences could be aligned adequately. The 5' proteincoding sequence reported in A. thaliana Adh was also found in A. gemmifera. The contrasting patterns for sequence homology in the flanking regions between PgiC and Adh suggest that the A. gemmifera genome has a different level of conservation of intergenic regions in different chromosomal segments.
Newly determined sequences were deposited in DDBJ database under accession numbers AB080908-AB080912.
